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Water committees are often responsible for the technical and financial management of 
rural water systems. Data from 65 rural community-managed systems in eight countries were 
analyzed to assess the finances of water committees. Financial and regression analyses were 
conducted to model the effect of management, temporal, and system characteristics on income 
generation, savings, and expense payments. Water committees had sufficient income to pay 
system expenses in 95% of reporting periods but faced more difficulties in the rainy season. 
Income generation was positively associated with water reselling, number of users, and operator 
compensation and negatively associated with the rainy season. These findings identify 
characteristics that could be promoted by water committees and implementation organizations to 
improve the ability of water committees to pay for expenses. Water committees could then work 
with implementation organizations to develop management and financing strategies that promote 















First and foremost I would like to thank my advisor, Dr. Jamie Bartram, for his continued 
support and invaluable insight during each stage of the research. He provided guidance and 
encouragement that elevated my research and helped me maintain momentum. Thank you to my 
committee members, Michael Fisher and Jill Stewart, for their flexibility and feedback. Their 
critique of my research presented new perspectives that enhanced the scope of my work.  
I want to thank Dr. Ted Mouw and the Odum Insititute for their assistance with the 
design and testing of my regression models. They helped me finetune my models and work 
through challenges in the analysis.  
The research would not have been possible without Water Mission. I want to thank them 
for their willingness to share their data and their availability to answer questions. I would 
particularly like to thank Andrew Armstrong and Caroline Kostyla for their feedback and 
assistance in the early stages of the research. They provided helpful context for my analysis.  
Finally, I would like to thank my husband, Brendan Smith. He cooked me meals when I 
was working late, listened to me when I needed to de-stress, and played the best music when I 
needed a distraction. Thank you for selflessly supporting me so that I have the opportunity to 







TABLE OF CONTENTS 
 
LIST OF TABLES ....................................................................................................................... viii 
LIST OF FIGURES ....................................................................................................................... ix 
LIST OF ABBREVIATIONS ......................................................................................................... x 
CHAPTER 1: INTRODUCTION ................................................................................................... 1 
Background ................................................................................................................................. 1 
Literature Review ........................................................................................................................ 3 
CHAPTER 2: METHODS .............................................................................................................. 7 
Background ................................................................................................................................. 7 
Data ............................................................................................................................................. 8 
Assessment reports .................................................................................................................. 8 
Follow-up reports .................................................................................................................... 9 
Monthly financial reports ........................................................................................................ 9 
Analysis ..................................................................................................................................... 10 
Data cleaning ......................................................................................................................... 10 
Financial analysis .................................................................................................................. 11 
Multivariate regression analysis ............................................................................................ 12 
Ethical approval......................................................................................................................... 16 
  
vii 
CHAPTER 3: RESULTS .............................................................................................................. 17 
Water system characteristics ..................................................................................................... 17 
Financial analysis ...................................................................................................................... 20 
Monthly sales model ................................................................................................................. 26 
Monthly savings models............................................................................................................ 27 
Water reselling models .............................................................................................................. 30 
CHAPTER 4: Discussion .............................................................................................................. 32 
Limitations ................................................................................................................................ 37 
CHAPTER 5: Conclusion ............................................................................................................. 39 
REFERENCES ............................................................................................................................. 41 
APPENDIX 2.1: Pictures of Water Mission’s solar-powered water systems .............................. 45 
APPENDIX 2.3: Monthly financial report template..................................................................... 48 
APPENDIX 2.4: Assessment report template .............................................................................. 49 
APPENDIX 2.5: List of systems included in the analysis ............................................................ 50 





LIST OF TABLES 
 
Table 1. Variables used in the monthly expenses model and their 
descriptions ..................................................................................................................... 13 
Table 2. Variables used in the monthly water sales, monthly 
savings, and monthly net income models and their 
descriptions ..................................................................................................................... 14 
Table 3. Variables used in the multivariate logistics regression 
models of water reselling ................................................................................................ 15 
Table 4. Characteristics of the water systems and water committees 
included in the study ....................................................................................................... 18 
Table 5. The proportion of villages in each country where water 
reselling is observed ....................................................................................................... 19 
Table 6. Random effects linear regression of monthly expenses (in 
USD) ............................................................................................................................... 24 
Table 7. Random effects linear regression of monthly water sales 
(in USD) ......................................................................................................................... 27 
Table 8. Random effects linear regression of the monthly savings 
balance (in USD) ............................................................................................................ 29 
Table 9. Random effects linear regression of the monthly net 
income (in USD) ............................................................................................................. 30 
Table 10. Multivariate logistic regression results examining the 
system and management characteristics associated with 





LIST OF FIGURES 
 
Figure 1. Monthly finances reported by water committees 
managing solar-powered piped water systems ............................................................... 20 
Figure 2. Average monthly system expenses for each country (a) 
per system and (b) per connected household .................................................................. 21 
Figure 3. System expense category as (a) a percentage of total 
monthly expenses, (b) a monthly average per system, (c) a 
monthly average per connected household ..................................................................... 22 
Figure 4. Average monthly water sales for each country (a) per 
system and (b) per connected household ........................................................................ 26 
Figure 5. Average monthly savings for each country (a) per system 





LIST OF ABBREVIATIONS 
 
NGO  Non-governmental organization 
SDG  Sustainable Development Goal 
UNICEF United Nations Children’s Fund 











The United Nations introduced the Sustainable Development Goals (SDGs) in 2015 to 
encourage sustainable social and economic development. Target 6.1 of the SDGs is to provide 
“…universal and equitable access to safe and affordable drinking water” (United Nations 2018). 
Rural populations make up the largest percentage of the population without access to safe and 
affordable drinking water. Sixty-five percent of the rural population does not use safely managed 
water services (UNICEF and WHO 2017).  Forty percent of people with access to on-premises 
water live in rural areas (UNICEF and WHO 2017). When water services are provided to rural 
communities, it is often in the form of community boreholes or protected dug wells (Bain et al. 
2015). Community boreholes and dug wells do not satisfy SDG target 6.1 to provide everyone 
with safe drinking water that is safely-managed (defined as located on-premises, available when 
needed, and free of fecal and priority chemical contamination) (WHO and UNICEF 2018). 
Improvements must be made to rural water systems to reduce inequalities in access.   
Piped water systems provide rural communities access to safely-managed water services. 
Piped water systems, particularly when delivered on-premises, offer higher levels of water 
service for households. Households have improved access to water and consumption of water 
increases when water is delivered on-premises (WELL 1998). Households using piped water 
have significantly better drinking water quality than households using other water sources 
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(Shields et al. 2015). Piped water systems that do not provide on-premises access can be 
extended to reach more households, even after installation. Inequities in access to safely-
managed water services can be reduced with the implementation of piped water systems in rural 
areas.  
Once a system is installed, it must be managed and maintained to ensure continued 
benefits. All of the systems analyzed in the study are community-managed by water committees 
that are appointed by the community with the assistance of an implementation organization. 
Water committees are governing bodies that are elected or volunteer to manage and maintain 
water systems after construction (Chowns 2015). Support to water committees may be provided 
proactively by or solicited from governmental, non-governmental, or private sector organizations 
(Komives et al. 2008). The management strategy may vary between water committees, but they 
are often responsible for the technical and financial management of systems (Chowns 2015). 
How water committees pay for expenses varies, but committees need to be prepared 
when expenses when they arise. The analysis assessed the finances of water committees.  
Financial and community data from 65 piped water systems were analyzed. Each system served 
one community and was managed by one water committee. These systems were located in Haiti, 
Honduras, Indonesia, Kenya, Malawi, Peru, Tanzania, and Uganda. An analysis of monthly 
financial data was conducted to determine the income and expense sources of water committees. 
Regression analyses were then run to identify the variables that influence income generation and 
savings balances. The purpose of the research was to assess the effect of management, temporal, 






Generation of income and payment for system expenses are essential components of 
water system management. Water committees must identify system expenses and design 
financing schemes to pay for expenses. Previous studies of solar-powered water systems 
modeled the lifetime system costs and compared expenses to other water systems (Al-Smairan 
2012; Armstrong, Mahan, and Zapor 2017; Shouman, El Shenawy, and Badr 2016). The authors 
assert that solar-powered water systems are viable and affordable alternatives to other water 
systems (Al-Smairan 2012; Armstrong et al. 2017; Shouman et al. 2016). Solar-powered water 
systems have already been implemented by governments and non-governmental organizations 
(NGOs), yet few studies have evaluated how water committees pay for solar-powered piped 
water system expenses. 
Water committees use a variety of strategies to generate income for water system 
expenses. Reactive financing, monthly water fees, or pay-as-you-fetch schemes are the most 
common strategies used to generate income (Harvey 2007). Studies of handpumps indicate that 
collection of water fees is positively associated with system functionality (Alexander et al. 2015; 
Fisher et al. 2015; Foster 2013). Non-monetary income sources, such as personal and community 
assets, contributions from community institutions, and community labor, have also been used by 
water committees (Behnke et al. 2017). These financing strategies may be used by water 
committees to pay for reoccurring expenses. 
One-time capital maintenance expenses can require that water committees use additional 
financing strategies. The average lifetime costs of solar-powered water systems are low, but one-
time capital maintenance costs can be high (Armstrong et al. 2017; Bamford and Zadi 2016). A 
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study of lower-income countries found that water committees that use water fees or pay-as-you 
fetch strategies do not often have sufficient funds to pay for capital maintenance expenses 
(Moriarty et al. 2010). Multiple authors suggest that water committees should work with local 
government, private partners, and NGOs to design clear financing strategies (Fonseca et al. 2013; 
Kleemeier and Lockwood 2012; Moriarty et al. 2010). The publications describing capital 
maintenance financing identify potential financing options available to communities but do not 
address how these strategies are used in practice.  
Water reselling has been suggested as a potential financing strategy for water committees 
and system managers. Historically, water reselling has been implemented by informal vendors in 
urban, peri-urban and rural areas (Katko 1991; Mcgranahan and Kjellén 2006; Nzengya and 
Aggarwal 2013; Opryszko et al. 2009). Informal vendors use water reselling to generate income 
and increase access to households not directly served by water systems (Katko 1991; 
Mcgranahan and Kjellén 2006; Opryszko et al. 2009; Whittington et al. 1989). Most system 
managers do not formally recognize water resellers and overlook the opportunity to use water 
reselling for income generation (Katko 1990; Mcgranahan and Kjellén 2006). Consistent 
monthly income sales have been observed in villages where water vendors are charged to use the 
system (Armstrong, Melchers, and Bazira 2013). The authors suggested that sales to water 
vendors compensated for a decline in sales to households (Armstrong et al. 2013). Water 
reselling has been shown to increase accessibility and consistency of income generation, but the 
specific effect on finances has yet to be assessed and quantified.  
The implementation of financing strategies in communities can be influenced by a variety 
of community and temporal characteristics. Income generation can be affected by seasonal 
system use or seasonal economies (Behnke et al. 2017; Kelly et al. 2018; Kulinkina et al. 2017; 
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Miert, Binamungu, and Kawa 2001). Studies indicate that households use multiple water sources 
throughout the year and that use of sources changes seasonally (Elliott et al. 2017; Kelly et al. 
2018; Kulinkina et al. 2017). One author suggested that when households choose not to or are 
unable to access water systems, water committees are unable to collect water fees. (Kelly et al. 
2018). The seasonality of rural economies also affects the funds available to pay water fees. 
Households can face seasonal variations in income that limit their ability to pay for water 
services (Behnke et al. 2017; Miert et al. 2001). One study described how non-fee and non-
monetary payments are used to supplement seasonal fluctuations in household incomes or 
household use of the water system (Behnke et al. 2017). These studies indicate that there is an 
association between income sources and seasonality, but do not assess the effect on finances.  
 Water system finances can also be affected by community participation in water system 
implementation. One study found that household participation in the system design and 
implementation was associated with greater monetary and labor contributions from households 
(Tigabu et al. 2013). The degree of household participation can be affected by water committee 
engagement. When water committees pay system operator they demonstrate to households that 
they are engaged with the project (Alexander et al. 2015; Whittington et al. 2009). One study of 
household participation indicated that households are more willing to pay water fees when they 
believe that water committees are committed to managing the water system (Harvey and Reed 
2007). Household and water committee participation in system design, implementation, and 
management is positively associated with greater household contribution. The relationship 
between household and water committee engagement and income, savings, and expenses has not 
been assessed and merits further investigation.  
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This research generates new knowledge about the quantitative relationships between 
expenses, income, savings, and community characteristics. A financial analysis was conducted to 
determine how water committees respond to all system expenses. Regression analyses were used 











 The analysis uses data collected by Water Mission on their piped water systems. Water 
Mission is a faith-based organization that provides “sustainable safe water solutions to people in 
developing countries and disasters.” (Water Mission 2018a). They work in over 55 countries in 
Africa, Asia, North, South and Central America, and the Caribbean (Water Mission 2018a). 
Water Mission specializes in solar-powered water systems and has installed over 1,000 systems 
(Water Mission 2018b). Pictures of Water Mission’s solar-powered water systems are included 
in Appendix 2.1.  
Water Mission conducts assessments of their water systems before and after construction. 
Water Mission staff compile an assessment report of village characteristics before construction 
(see Appendix 2.4 for a template of relevant sections included in the analysis). After construction 
of a water system, Water Mission staff make monthly visits to water committees to collect data 
on finances and community characteristics. The data collected during monthly visits are recorded 
in follow-up reports (see Appendix 2.1 for a template of relevant sections) and monthly financial 
reports (see Appendix 2.3 for a template). Water Mission staff prepared follow-up reports based 
on interviews with households and the water committee. The follow-up reports contain 
information about the users of the system and activities of the system operators (including water 
reselling). Water committees prepared monthly financial reports and submitted them to Water 
Mission staff during monthly visits. Water committees tracked monthly income, expenses, and 
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savings and provided the reports to Water Mission during monthly visits. Reports are submitted 
to a central database that verifies that key questions have been answered. Data from both follow-




Data from 65 solar-powered water systems were used in the analysis. Data were included 
for systems with a range of system ages and sizes (see Appendix 2.4 for a list of all of the 
systems included in the study). All of the systems were less than 2.5 years old, and the average 
lifespan of a solar-powered water system is greater than 10 years (Bamford and Zadi 2016). This 
analysis, therefore, examines the initial stages of system implementation and management. The 
water systems were located in eight countries: Haiti, Honduras, Indonesia, Kenya, Malawi, Peru, 
Tanzania, and Uganda. The systems were included in the analysis if they were community-
managed and rural. All of the systems were solar-powered water systems.  
 
Assessment reports 
 An assessment report was prepared by local Water Mission staff before systems were 
installed in a village. The assessment report provided information about general community 
characteristics. Data about the dry and rainy season and average monthly income in the 





The follow-up reported was prepared by the local Water Mission staff during each 
monthly visit. The Water Mission staff interview water committee members and households and 
fill out the report based on their answers. The follow-up report has sections on the community 
profile, the water supply system, financial sustainability, and water, sanitation, and hygiene. The 
sections include data on the total number of households in the service area, payment structure 
(i.e., per container, weekly, monthly, none), and vending/water reselling observations.  The first 
report was submitted in June 2014 and the last report was submitted in June 2016.  
 
Monthly financial reports 
 
 Monthly financial reports were prepared by the water committee and submitted to Water 
Mission staff each month. The monthly finances were divided into income, expenses, and 
savings. Income from per-container fees, monthly fees, and other sources comprised the income 
data. The expenses data were categorized into water treatment supplies, water committee 
members’ compensation, operator compensation, and other expenses. The “other expenses” 
category included payments for security, repairs, labor, and banking, but these expenses were not 
disaggregated in the monthly reports. Cash in hand and cash in bank accounts comprised savings 
reported by water committee members. In addition to finances, water committees reported on the 
number of households collecting water from the project and the number of water committee 
meetings held in the past month. The first report was submitted in July 2014 and the last report 






Data were exported from Water Mission’s database of assessment, follow-up, and 
monthly financial reports. Water reselling and the total number of houses data were not included 
in the original monthly financial report data. These data were identified in the follow-up reports 
and added to the monthly financial data from the same reporting period. Diagnostic statistics 
were then run to identify outliers in the data. Outliers were reviewed to determine if they were 
true values or errors in data collection. Errors that could not be corrected were removed from the 
dataset. Twenty-seven outliers (6% of total observations) were identified and reviewed. Three 
observations (0.6% of total observations) could not be corrected and were removed from the data 
set.  
All financial data were converted to United States dollars using the current rates of 
exchange reported by the U.S. Treasury on April 1, 2018 (Department of the Treasury 2018). 
The age of the system at the time of the report was determined by subtracting the report date 
from the reported date of construction. The age of the system at the time of data extraction was 
determined by subtracting the extraction data (July 1, 2016) from the reported date of 
construction. The rainy season variable was calculated by determining the rainy season months 
for each community and labeling the reporting month as occurring in either the dry or rainy 
season. Rainy season months were identified from an initial Water Mission assessment report for 
each community. Water Missions staff interviewed community members and identified rainy and 
dry season months based on their responses (a table of how rainy and dry seasons were 





Descriptive statistics were calculated for monthly expenses, monthly water sales, and 
monthly savings to evaluate intercountry differences in finances. The average monthly expense, 
water sale, and savings were calculated for each country. Monthly expenses were broken down 
by expense type. Per household expenses, savings, and sales were calculated for each country. 
Per capita finances could not be calculated because there was no data on individual household 
size.  
A financial analysis was conducted using the data from the monthly financial reports. 
Income and expense sources were identified and analyzed to determine trends in payments of 
system expenses. Net income and net savings variables were calculated for the analysis. Net 
income was calculated as monthly expenses subtracted from monthly income. Net savings was 
calculated by adding monthly income to monthly savings and subtracting monthly expenses. Net 
income and net savings variables were calculated to assess whether water committee funds were 
sufficient to pay for water system expenses.  
Instances when water committees could not pay for monthly expenses were analyzed 
further. The age of the system and season were identified for each occurence of negative net 
income or net cash. The analysis included an assessment of how water committees responded to 
negative net income or net cash. Lead variables were created for percent change in monthly 
water sales and water reselling using the “f.” command in Stata (StataCorp 2014). The variables 
presented data from the next reporting period and were used to determine how water committees 




Multivariate regression analysis 
 
Five multivariate regression models were run. Potential variables to be tested in the 
regression analysis were identified in a literature review. Additional variables were determined 
using univariate analyses tested against the dependent variables. Variables with a p-value less 
than 0.05 were tested in the multivariate regression analysis. Once variables were identified, tests 
were conducted to determine the significance of adding a variable. Additional variables were not 
included in the model if they did not significantly change the fit of the model (p-value less than 
0.05). Power analyses were conducted using G*Power (Faul et al. 2009). Each model was tested 
by inputting the appropriate samples size and number of tested variables to verify that each 
model met a threshold power value of 0.80 at an alpha of 0.05. 
The monthly expenses, monthly water sales, monthly savings balance, and monthly net 
income models assessed the community and water system characteristics that are associated with 
monthly expenses, monthly water sales, and monthly savings. Net income is the balance 
deposited into savings each month. The net income model was used to compare the balance 
deposited into savings each month (i.e., the net income model) to the total balance in savings at 
the end of each month (i.e., the monthly savings model).  
The models included data from 65 water systems and 475 observations. Summary 
descriptions of the variables included in the monthly expenses model analysis can be found in 
(Table 1). Summary descriptions of the variables included in the monthly sales, monthly savings, 
and monthly net income models can be found in (Table 2). The country variable was tested in 
each model but was only found to significantly change the fit of the monthly expenses model and 
was therefore only included in the monthly sales model. The average household income for each 
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community (identified from World Vision assessment reports) was used as a proxy indicator of 
community wealth. It did not significantly change the fit of any of the models and was not 
included in any of the final models.  
Table 1. Variables used in the monthly expenses model and their descriptions 
Variable Description Observations 
Age of the system Age of the system at the time of the report (in years) 475 
Total number of 
houses in the service 
area 
Total number of households in the area served by 
the water system in the past month 475 
Percent of 
households 
connected to the 
system 
Percent of households using the system in the 




Number of households reported as using the 
water system in the past month 475 
Rainy season Reporting period occurs during the rainy season 475 















Table 2. Variables used in the monthly water sales, monthly savings, and monthly net income models and their 
descriptions 
Variable Description Model Observations 
Monthly water 
sales 
The reported income from water sales 




Amount of cash in water committee 
savings account at the end of the month 
(in USD) 
Monthly savings 475 
Monthly net 
income 
The amount of cash added to the 
savings account each month (in USD)  
Monthly net 
income 410 
Age of the system Age of the system at the time of the report (in years) All models 475 
Total number of 
houses in the 
service area 
Total number of households in the area 
served by the water system All models 475 
Percent of 
households 
connected to the 
system 
Percent of households using the system 




Number of households reported as 
using the water system in the past 
month 
All models 475 
Operator 
compensated 
System operator compensated by the 
water committee to perform operator 
duties  
All models 475 
Water committee 
compensated 
Water committee members 
compensated for management duties  All models 475 
Rainy season Reporting period occurs during the rainy season All models 475 
Water reselling Water reselling observed in service area during the reporting period All models 475 
 
A random linear regression model for panel data was used for the monthly expenses, 
monthly water sales, monthly savings balance, and monthly net income models. The random 
effects linear regression model was used because to allow for changes in the variables over time.  
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The water reselling model was used to analyze the characteristics associated with water 
reselling. Data from 65 communities and 410 observations were included in the analysis. Lag 
variables were created for total monthly income, operator expenses, and water treatment 
expenses using the “l.” command in Stata (StataCorp 2014). These variables were included to 
determine if water reselling was a response to the previous month’s sales and water system 
expenses. Number of households using the system was tested but was not included in the final 
model because it did not significantly improve the fit of the model. The variables included in the 
water reselling model are described in Table 3.  
 
Table 3. Variables used in the multivariate logistics regression models of water reselling  
Variable Description Observations 
Age of the system Age of the system at the time of the report (in years) 475 
Total number of houses 
in the service area 
Total number of households in the area served by 
the water system 475 
Percent of households 
connected to system 
Percent of households using the system in the past 
month 475 
Rainy season Reporting period occurs during the rainy season 475 
Total income in the 
previous month 
The total monthly income from water sales and other 
income reported by the water committee in the 
previous month 
410 
Operator expenses in the 
previous month 
Operator expenses paid by the water committee in 
the past month 410 
Water treatment expenses 
in the previous month 
Water treatment expenses paid by the water 







The study received an exemption from the University of North Carolina’s Institutional 
Review Board (#16-1204). Local Water Mission staff received local government approval to 






CHAPTER 3: RESULTS 
 
Water system characteristics 
  
The study included water systems with a variety of characteristics (Table 4). All of the 
systems included in the study are young. The age of the system at the time the data was extracted 
from the Water Mission database ranged from 0.40 to 2.2 years. Two types of fee structures were 
observed in communities: a per container fee and a monthly fee (Table 4). Eighty-nine percent of 
water committees reported compensating the system operator, and 22% reported compensating 



























Table 4. Characteristics of the water systems and water committees included in the study 
 
 
Water reselling occurred in 18% of the water systems included in the analysis (Table 4). It was 
observed in 10% of reporting periods for all communities and 61% of reporting periods in 
communities where water reselling occurred at least once. Water reselling was observed in every 
country except Tanzania (Table 5). Honduras and Malawi had the largest proportion of villages 
reporting water reselling, with 50% of the systems in each country reporting water reselling 
 N (%) 
n = 65 
Age of the system at the time of data extraction (in years)  
0 – 0.50  18 (28%) 
0.51 – 1.0  31 (48%) 
1.1 – 1.5  8 (12%) 
1.51 – 2.0  7 (11%) 
2.0 – 2.5  1 (2%) 
Fee structure  
Per container fee  51 (78%) 
Monthly fee 14 (22%) 
Number of households in the service area  
0 – 250 25 (38%) 
251 – 500 25 (38%) 
501 – 1000  13 (20%) 
1001 – 2000 2 (3%) 
Operator compensated 58 (89%) 
Water committee compensated 14 (22%) 
Water reselling 12 (18%) 
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(Table 5). Water reselling was reported in all months and there was no discernable pattern to the 
months or seasons in which water reselling occurs.  
 
Table 5. The proportion of villages in each country where water reselling is observed 
Country N (%) 
Haiti 1 (6%) 
Honduras 3 (50%) 
Indonesia 1 (13%) 
Kenya 2 (12%) 
Malawi 3 (50%) 
Peru 1 (25%) 
Tanzania - 
Uganda 1 (33%) 
 
 
The follow-up reports described water reselling as a process managed by the water 
committees. In some cases, water committees sold water to households or vendors who then 
resold the water to other households. In other cases, water committee members were responsible 
for packaging and reselling the water. Multiple reports indicated that the purpose of water 
reselling was to sell water to individuals not affiliated with the water system. Water vendors sold 
water to their neighbors and households in other communities to reach individuals not affiliated 







The monthly financial reports were used to create a diagram of cash flow in water 
systems (Figure 1). Two sources of income were identified in the financial reports: monthly 
water sales (i.e., per-container fees and monthly tariffs) and income from other sources.  Monthly 
water sales were collected from per-container fees only (77% of systems), or a combination of 
per-container fees and monthly tariffs (23% of systems) (Table 4). Some water committees 
reported using other income sources (18% of systems). Other income sources included fees from 
phone charges and community contributions. Forty-two percent of the water committees reported 
using other income sources once. One water committee reported an instance where other income 
sources accounted for 51% of total income. Contributions from households comprised the 









Figure 1. Monthly finances reported by water committees managing solar-powered piped water systems  
 
Other income 








System expenses were reported in four categories: water treatment supplies, water 
committee payments, system operator payments, and other. The average monthly expense varied 
by country (Figure 2). Tanzania had the greatest average monthly expense ($216 ± $66.8), and 
Kenya and Peru had the lowest average monthly expenses, $19.4 ± $3.34 and $16.4 ± $10.7 
respectively. Inter-country differences in the average monthly expense per connected household 
were observed (Figure 2). Haiti and Honduras had the greatest average monthly expense per 
connected household, $3.41 ± $1.82 and $2.36 ± $0.347 respectively, and Malawi had the lowest 
average monthly expense per connected household ($0.171 ± $0.0258).  The biggest expense for 
all water committees was system operator compensation (Figure 3). Malawi, Tanzania, and 
Uganda had the greatest overall operator expense per system (Figure 3). Haiti and Honduras 













































































































































































Other expenses Water treatment SWC payments Operator payments
Figure 3. System expense category as (a) a percentage of total monthly expenses, (b) a monthly average per system, 
(c) a monthly average per connected household 
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The characteristics analyzed in the monthly expenses model are summarized in Table 6.  
The only variable that was significant was country. Honduras was selected as the reference and 
all countries, except for Tanzania had significantly lower expenses (Table 6). Additional 
descriptive analysis indicated that total monthly expense varied by system size. Systems serving 
0-250 households and 251-500 households had the highest average monthly system expense per 
household ($0.23 ± 0.044 and $0.19 ± 0.065, respectively). Systems serving a larger number of 
households had significantly lower average monthly system expense ($0.044 ± 0.010 for systems 
serving 501-1000 households and $0.042 ± 0.010 for systems serving 1000-2000 households). 













 Table 6. Random effects linear regression of monthly expenses (in USD) 
+the dry season is the reference season 
†Honduras is the reference country 
***p<0.01, **p<0.5 
 
 Income for water sales was sufficient to pay for system expenses in 95% of the reporting 
periods. Twenty water committees were unable to pay for monthly system expenses using 
monthly income at least once in the history of the system.  Five of the water committees reported 
two periods where net income was negative, and one of the water committees reported three 
instances where the net income was negative. Instances of negative net income occurred in 
consecutive months for one of the six water committees. The average age of the system at which 
 Coefficient 95% CI 
Age of the system 11.6 (-6.66 – 29.9) 
Number of houses in the service area 0.0175 (-0.0125 – 0.0476) 
Percent of users 7.06 (-26.4 – 40.6) 
Number of users 0.0461 (-0.0294 – 0.122) 
Rainy season+ 3.59 (-3.62 – 10.8) 
Country†   
Haiti -208*** (-331 – -84.8)  
Indonesia -181*** (-305 – -56.1) 
Kenya -199*** (-326 – -73.4) 
Malawi -198*** (-327 – -69.9) 
Peru -190*** (-318 – -62.8) 
Tanzania -86.4 (-258 – 85.4) 
Uganda -178** (-314 – -41.2) 
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a negative net income occurred was 0.474 ± 0.0530 years. The minimum age of the system was 
0.0877 years, and the maximum age was 1.10 years. Seventeen of the negative net income 
periods occurred in the rainy season, and nine in the dry season.  
 Periods of negative net savings occurred when the water committee did not have enough 
income or savings to pay for that month’s system expenses. Six water committees had months 
with negative net savings (monthly income, cash in the bank, and petty cash). Five of the water 
committees reported one instance of negative net savings.  When a committee experienced 
negative net savings the unpaid expense balance was carried over to the next month until the 
expense balance could be paid. One of these water committees reported two sequential instances 
of negative net savings. Five of the seven instances of negative net cash occurred during the 
rainy season. The average age of the system at the time of insufficient funds was 0.296 ± 0.0554 
years, with a minimum of 0.0877 years and maximum of 0.474 years.  
 Some water committees responded to the lack of funds with changes to the income 
sources. Cases of negative net income were followed by an increase in water sales in the next 
reporting period in 71% of cases.  The average increase from the previous month’s water sales 
was 62.9% ± 15.1%. The average increase from the average monthly sales was 18.1% ± 10.6%. 
Fifty percent of the instances of negative net cash was followed by an increase in water sales. 
One water committee adopted water reselling for the first time following a negative net income 






 Monthly sales model 
  
The variation in average monthly sales across countries is summarized in (Figure 4). 
Tanzania and Uganda had the greatest average monthly water sales ($335 ± $104 and 
respectively $169 ± $53). Kenya had the greatest average monthly water sales per household 
connected to the system (Figure 4). 
  
 
The monthly sales model regression analysis was conducted to identify variables that are 
associated with monthly water sales. In the analysis, operator compensation, season, and water 
reselling were significant predictors of water sales and had large effect sizes (Table 7). In 
villages where system operators were compensated the monthly water sales were an average of 
$33.1 greater than in communities where system operators were not compensated. In villages in 
which water reselling is observed, the water sales are, on average, greater by $49.6. The season 
variable was significantly correlated with monthly water sales (Table 7). In the rainy season, 




































































Figure 4. Average monthly water sales for each country (a) per system and (b) per connected household 
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significantly associated with monthly water sales, but the effect size was small. The monthly 
water sales increased by an average of $24.3 for every 100-household increase.  




Monthly savings models 
 
The variation in average monthly savings balance is summarized in (Figure 5). Haiti, 
Kenya, Tanzania, and Uganda had the highest average monthly savings balance. Kenya had a 
significantly higher average monthly savings balance than Haiti (p<0.05). Kenya had the highest 
average monthly savings per household connected to the system with an average of $76.3 ± 
$30.0 (Figure 5). 
 Coefficient 95% CI 
Age of the system 2.15 (-11.0 – 15.3) 
Total number of houses in the service area -0.00865 (-0.0619 – 0.0446) 
Percent of households connected to the system -34.8 (-108 – 38.0) 
Number of connected households 0.243** (0.0270 – 0.460) 
Operator compensated 33.1** (7.44 – 58.7) 
Water committee compensated 30.0 (-5.75 – 65.8) 
Rainy season -12.5** (-24.7 – -0.211) 





The variables that were evaluated in the monthly savings model regression analysis are 
summarized in (Table 8). Age of the system, presence of operator compensation, and the rainy 
season were significantly associated with monthly savings balance and had large effect sizes. 
The average savings balance was $184 greater for every year increase in system age. Villages 
that compensated their system operators had a savings balance $56.5 greater than those that did 
not compensate their system operator. In the rainy season, the monthly savings balance was an 
average of $49.2 less than in the dry season. The monthly water sales model indicates that 
monthly sales are less in the rainy season, which would contribute to reduced revenue for savings 











































































Figure 5. Average monthly savings for each country (a) per system and (b) per connected household    
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Table 8. Random effects linear regression of the monthly savings balance (in USD) 
***p<0.01, **p<0.05 
  
The monthly net income model was used to identify the variables that were correlated 
with the balance deposited into savings each month (Table 9). Water reselling was a significant 
predictor of net income (p=0.046). Number of users and the rainy season had moderately 
significant associations with net income (p < 0.10). Age of the system was not significantly 









 Coefficient 95% CI 
Age of the system 184*** (96.6 – 272) 
Total number of houses in the service area -0.0799 (-0.626 – 0.466) 
Percent of households connected to the system -42.7 (-298 – 213) 
Number of connected households -0.0604 (-0.882 – 0.761) 
Operator compensated 56.5*** (20.7 –92.3) 
Water committee compensated 26.0 (-24.4 – 76.3) 
Rainy season -49.2** (-87.8 – -10.7) 
Water reselling 173 (-81.7 – 428) 
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Table 9. Random effects linear regression of the monthly net income (in USD) 
***p<0.01, **p<0.05 
 
Water reselling models 
 
From the monthly water sales model (Table 7), it was determined that water reselling was 
a significant predictor of monthly water sales (p=0.003). Monthly water sales per month were 
$49.6 greater in villages where reselling was observed (Table 7). The water reselling model was 
run to determine which characteristics were associated with water reselling. Four variables were 
positively associated with water reselling: age of the system, total income in the previous in the 
month, operator expenses in the previous month, and water treatment expenses in the previous 
month (Table 10). Systems that were older had a significantly greater odds of having water 
reselling (p=0.021). For every $1 spent on operator compensation the odds that a village 
participates in water reselling increases by 25%. It is unknown if operators participate in water 
 Coefficient 95% CI 
Age of the system 5.21 (-6.86 – 17.3) 
Total number of houses in the service area 0.0221 (-0.0432 – 0.0874) 
Percent of households connected to the system -16.5 (-57.7 – 24.6) 
Number of connected households 0.0955* (-0.0117 – 0.203) 
Operator compensated 0.266 (-16.0 – 16.5) 
Water committee compensated 1.53 (-14.2 – 17.2) 
Rainy season -9.11* (-19.6 – 1/36) 
Water reselling 55.9** (2.00 – 110) 
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reselling. Water reselling was not significantly associated with the rainy season indicating that 
there is not a seasonality to water reselling.  
 
 Table 10. Multivariate logistic regression results examining the system and management characteristics associated 
with water reselling  
+ compared to dry season 
**p<0.05, *p<0.10 
  
 Odds Ratio 95% CI 
Age of the system 310** (2.36 – 4.06x104) 
Total number of houses in the service area 0.990 (0.978 – 1.00) 
Percent of households connected to the system 0.969 (0.00399 – 235) 
Rainy season+ 0.642 (0.0176 – 23.4) 
Total income in the previous month 1.01* (0.998 – 1.03) 
Operator expenses in the previous month 1.06** (1.00 – 1.11) 
Water treatment expenses in the previous 
reporting period 1.25




CHAPTER 4: DISCUSSION 
 
The financial analysis showed that water committees relied primarily on monthly water 
sales to generate income to pay for expenses. Twenty water committees were unable to pay for 
monthly expenses from monthly income sales at some point, but the majority of these 
committees (70%) experienced negative net income once. Only six of the water committees were 
unable to pay for monthly expenses when savings were added to monthly income. The results 
suggest that monthly income and savings are often sufficient to pay for the monthly expenses in 
the first two years of a system’s lifecycle.  
The regression models identified several variables that are significantly associated with 
monthly income and savings. Age of the system had a significant positive correlation with the 
monthly savings balance. If a system does not experience a breakdown in the first two years, it is 
expected that water committees would be able to save the majority of its income and the savings 
balance would increase. The regression analyses model the savings and water sales balances in 
the first two years, so the relationship between system age and savings balance beyond two years 
is unclear. Number of households connected, operator compensation, the rainy season, and water 
reselling were significantly associated with monthly income and savings. The variables identified 
in the regression analyses can significantly affect how water committees generate income, save 
for future expenses, and pay for current expenses. 
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All of the water committees analyzed in the study relied on monthly water sales as their 
primary source of income. The regression analyses revealed that the number of households 
connected to the system was significantly associated with monthly sales and net income. Water 
sales were $0.243 greater and net income was $0.0955 greater for every additional household 
connected to the system. Other researchers have indicated that household use of the solar-
powered water systems can decline after an initial implementation (Armstrong et al. 2013). The 
regression analysis did not reveal a decline in monthly water sales over time, but this study 
analyzed data from only the first two years of a system’s life. It is possible that a decline in 
monthly water sales occurs later in a system’s lifecycle. Water committees should proactively 
engage households to diminish potential reductions in household contributions.   
One way that water committees can encourage household participation is by 
demonstrating the committee’s investment in the system. The regression results indicate that 
greater monthly expenses and monthly savings were positively associated with operator 
compensation. Previous researchers have shown that operator compensation is an indicator of a 
water committee’s sense of ownership and engagement with the water system (Alexander et al. 
2015). Another study demonstrated that water committee transparency and demonstration of 
committee investment was associated with increased household satisfaction and participation of 
households (Prokopy 2005). The authors suggested that households that are satisfied are more 
likely to pay to use the system (Prokopy 2005). Compensation of water system operators may 
indicate to households that water committees are engaged in operation and maintenance of the 
system. Households that see evidence of an engaged water committee may be more willing to 
contribute to the system. Water committees can mitigate permanent reductions in household 
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investment by demonstrating a commitment to operations and maintenance and encouraging 
continued investment from households.  
Household use and contributions can also exhibit seasonal fluctuations. In the regression 
analyses, the rainy season was not found to affect water system expenses but was negatively 
correlated with monthly water sales and water savings. The inability to pay for water system 
expenses also occurred more frequently in the rainy season, likely resulting from reduced water 
sales. Other studies show that there are declines in household use of piped water systems and 
handpumps during the rainy season (Kelly et al. 2018; Kulinkina et al. 2017). One author 
described how households were often aware of the better water quality of piped water sources, 
but preferred the taste and familiarity of rainy season sources (Kulinkina et al. 2017). Another 
author hypothesized that seasonal reductions in household use resulted in fewer available funds 
for operations and maintenance (Kelly et al. 2018). The results of the monthly sales, monthly 
expenses, and monthly savings models support this hypothesis. Difficulty paying for monthly 
expenses in the rainy season likely results from the seasonal decline in monthly income and 
savings. Water committees should develop management and financing strategies that factor in 
the seasonality of water sales and savings. They can create a financial plan that incorporates 
multiple income sources to complement investment from households. 
Water reselling is one strategy that water committees analyzed in the study used to 
generate income. Water committee members stated that connected households (i.e., those served 
by the system) or water committee members sold water to unconnected households that were not 
currently served by the project. Previous studies have suggested that water reselling could 
generate additional income for system managers (Katko 1991; Mcgranahan and Kjellén 2006). 
The monthly sales model showed that when water reselling occurred the average monthly water 
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sales were $37.2 greater than instances when water reselling did not occur. Total monthly 
savings was not affected by water reselling, but the net income (i.e., the amount deposited into 
savings each month) was $55.9 greater when water reselling occurred. The results indicate that 
water reselling affects the amount deposited into savings each month, but not the total savings 
balance. Over time water reselling may have a greater affect on total savings, but this effect 
could not be analyzed with the data. Water reselling does affect income early in a system’s life 
and should be considered for inclusion in a water committee’s financing portfolio.  
Water reselling has the additional benefit of reaching households that are not connected 
to the system. Previous authors suggest that water reselling be used to increase access to safe 
drinking water (Katko 1991; Mcgranahan and Kjellén 2006). The results of this study indicate 
that vendors targeted households that could not access the water system. The water committees 
reported selling to unconnected households, but no quantitative information was provided about 
how many unconnected households were served by water resellers. In cases where water services 
have not been extended to every household, water resellers can act as an extension of the water 
system and deliver safe drinking water to additional households. Water reselling can serve a dual 
purpose of providing supplementary income to water committees and improving access to safe 
water systems.   
The quality and affordability of reselling services must also be considered. Previous 
research has indicated that the quality of water served by vendors varies (Mcgranahan and 
Kjellén 2006). Vendors are often unregulated and may not undertake safe hygiene practices 
when reselling water (Mcgranahan and Kjellén 2006). Unregulated vendors can also set the fees 
for water services. Water vendors have been shown to sell water at higher rates than system 
managers, and poorer households cannot pay these higher rates or are forced to purchase smaller 
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volumes (Mcgranahan and Kjellén 2006). Vendors must be monitored and managed to ensure 
that access is affordable and water is free from contamination.  
Water reselling has the potential to improve financing and access, but the longevity and 
quality of reselling should be considered. The study included data from younger systems, so 
there was no information about the dynamics of water reselling over the life-cycle of a system. 
The viability of water reselling as a long-term financing strategy is unknown. Water reselling 
may act instead as an interim strategy that fosters demand from unconnected households until 
services can be extended. Water reselling should function as a piece of the total financing 
strategy. Water committees could adopt other financing strategies that have long-term effects but 
may take longer to realize gains (e.g., investment in community businesses) to complement 
changes in income from water reselling over time.   
Identifying management strategies that are appropriate for their local environment is an 
important consideration for water committees. The analyses used data from eight different 
countries, but country was not a significant predictor of water sales and savings. This result 
suggests that household use, operator compensation, seasonality, and water reselling 
significantly affect system finances regardless of location. However, the underlying drivers of 
these variables are influenced by economic, geographic, and social factors. Water committees 
need to engage communities to identify the behaviors and practices that affect system use and 
income generation. The committees can then develop appropriate management strategies and 
work with external stakeholders to provide additional resources where needed.  
Community-managed piped water systems can provide communities with access to safe 
and reliable water sources. Water committees should be prepared to maintain and operate the 
system properly to sustain these benefits. One component of operations and maintenance is 
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payment for system expenses. Water committees can prepare for system expenses by 
understanding the factors that influence the availability of financial resources. The results 
highlight the community and water system characteristics that affect finances of community-
managed piped water systems. No previous study has analyzed the characteristics that affect 
water system finances of rural piped water systems or described the relationship between water 
system finances, community engagement, seasonality, and water reselling. The results can be 
used by water committees and implementing organizations to develop financing strategies that 
help prepare water committees to be adaptable and responsive to the operations and maintenance 




Repair expenses included in the other expenses category could not be disaggregated, and 
it was not possible to identify when repairs occurred. The analysis assessed how communities 
respond to general system expenses. Further disaggregation of expenses would be useful to 
determine if there are patterns in expense frequency and differences in how water committees 
respond to ongoing and one-time expenses.  
The age of the systems included in the study was less than 2.5 years. The study cannot 
evaluate the life-cycle of system expenses, income, and savings. The majority of water 
committees were able to pay for system expenses, but this may change over the life-cycle of the 
project when larger breakdowns occur. The data was submitted in 2016, and more reports have 
been collected since then. Analysis of the systems as they age would be useful to understand if 
the trends observed in this study continue over the life-cycle of the system. 
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The water reselling analysis used a binary measure of water reselling and a qualitative 
description of the reselling. Data about the number and location of households served by 






CHAPTER 5: CONCLUSION 
 
Compensation of operators, number of household users, seasonality, and water reselling 
are significant predictors of water sales and savings. Seasonality and water reselling are 
particularly interesting because no other research has assessed the effect of these variables on 
water system finances. Water committees can use water reselling to earn additional income but 
should ensure that water vending meets the standards set forth by SDG 6. Vendors would need to 
be monitored to determine that they are properly packaging and delivering water and charging 
households at an affordable rate. These benefits of water reselling are intuitive, but water 
committees must have the management skills to oversee water reselling. The committee needs to 
be organized and understand how to manage and monitor vendors.  
Water committees rely on household contributions as the primary source of income. 
Reliance on household contributions means that water committees must ensure that households 
remain engaged and willing to contribute to the system. Water committees can directly or 
indirectly encourage households participation. Indirect encouragement can be fostered by water 
committees demonstrating that they are engaged. Households that see water committee 
engagement are then more willing to contribute to the project (Prokopy 2005). Operator 
compensation can be an indication that water committees are invested in the system. Water 




Water committees must also prepare for temporal factors that will affect water sales and 
savings.  The rainy season was negatively affect monthly water sales and savings. Seasonal 
differences in income generation can affect the water committees ability to pay for system 
expenses. Water committees should recognize and prepare for seasonal difference in income. 
Reductions in monthly income resulting from seasonality could be counterbalanced by additional 
income sources  (Behnke et al. 2017). Water committees can accept non-monetary forms of 
payment or alter the schedule of payments so that more income is collected when households are 
using and able to pay for the system. As water committees prepare for system expenses, they 
need to compensate for the effects of these community, temporal, and management variables on 
water sales. 
Piped water systems provide rural water communities with high levels of water service. 
The designs are flexible and adaptable so that systems can continue to improve system 
accessibility and household water service levels. They provide economic opportunities for 
households who can have increased time savings and use water from the water system for 
household businesses (e.g., water reselling). Given these advantages, it is important to ensure 
that piped water systems are functional, reliable, and continue to benefit communities. Water 
committees should be aware of the factors that influence their ability to pay for system expenses 
and maintain the water system. They should be educated about all resources available to them 
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APPENDIX 2.1: PICTURES OF WATER MISSION’S SOLAR-POWERED WATER 
SYSTEMS 
(Water Mission 2018b) 
 
























APPENDIX 2.5: LIST OF SYSTEMS INCLUDED IN THE ANALYSIS 
System 









1 Haiti Artibonite Department 2014 800 46800 
2 Haiti Artibonite Department 2015 600 6552 
3 Haiti Artibonite Department 2015 500 11700 
4 Haiti Artibonite Department 2015 263 20475 
5 Haiti Nippes Department 2015 1000 21000 
6 Haiti Nord Department 2014 500 - 
7 Haiti Nord Department 2014 571 18558 
8 Haiti Nord Department 2015 150 6330 
9 Haiti Nord Department 2015 300 - 
10 Haiti Ouest Department 2014 420 35100 
11 Haiti Ouest Department 2015 200 13744 
12 Haiti Ouest Department 2015 500 39000 
13 Haiti Ouest Department 2015 873 11375 
14 Haiti Sud Department 2015 171 2600 
15 Haiti Sud Department 2015 1000 32500 
16 Haiti Sud Department 2015 500 3360 
17 Haiti Sud Department 2015 500 18000 
18 Honduras Olancho Department 2015 300 6000 
19 Honduras Olancho Department 2015 250 4000 
20 Honduras Olancho Department 2015 250 3750 
21 Honduras Olancho Department 2015 320 5440 
22 Honduras Olancho Department 2015 350 4550 
23 Honduras Olancho Department 2015 200 5440 
24 Indonesia East Nusa Tenggara Province 2014 200 100 
25 Indonesia East Nusa Tenggara Province 2014 250 2000 
26 Indonesia East Nusa Tenggara Province 2015 662 2000 
27 Indonesia Lampung Province 2014 1000 3572 
28 Indonesia Lampung Province 2014 1217 3000 
29 Indonesia Lampung Province 2014 138 2750 
30 Indonesia Lampung Province 2015 400 3466 
31 Indonesia North Sumatra Province 2014 516 7000 
32 Kenya Baringo County 2014 700 - 
33 Kenya Bungoma County 2014 800 16500 
34 Kenya Bungoma County 2015 325 24780 
35 Kenya Busai County 2015 150 - 
36 Kenya Homa Bay County 2013 400 - 
37 Kenya Kajiado County 2015 68 11989 












39 Kenya Kakamega County 2014 100 - 
40 Kenya Kwale County 2015 126 4680 
41 Kenya Siaya County 2015 300 16380 
42 Kenya West Pokot County 2015 150 8034 
43 Kenya West Pokot County 2015 150 8320 
44 Kenya West Pokot County 2015 350 29640 
45 Kenya West Pokot County 2015 180 14625 
46 Kenya West Pokot County 2015 200 4577 
47 Kenya West Pokot County 2015 300 17628 
48 Kenya West Pokot County 2015 65 15470 
49 Malawi Central Region 2016 284 4750 
50 Malawi Central Region 2016 406 9684 
51 Malawi Central Region 2016 368 10701 
52 Malawi Central Region 2016 433 9684 
53 Malawi Central Region 2016 192 5045 
54 Malawi Southern Region 2015 430 80862 
55 Peru Loreto Region 2014 60 2500 
56 Peru Loreto Region 2015 60 2080 
57 Peru Loreto Region 2015 35 1620 
58 Peru Loreto Region 2015 60 2400 
59 Tanzania Dodoma Region 2015 1060 127200 
60 Tanzania Iringa Region 2014 184 44160 
61 Tanzania Tanga Region 2016 450 31950 
62 Tanzania Tanga Region 2016 2250 22080 
63 Uganda Central Region 2014 270 85500 
64 Uganda Central Region 2016 750 18000 
65 Uganda Northern Region 2015 650 - 




APPENDIX 2.6: CATEGORIZATION OF RAINY AND WET SEASON MONTHS  
 
Country Administrative Subdivision Rainy season months Dry season months 
Haiti Artibonite, Nippes, Ouest and Sud Departments April – November December – March 
Haiti Nord Department November – March April – October  
Honduras Olancho Department September – January February – August 
Indonesia East Nusa Tenggara Province November – April May – October  
Indonesia Lampung Province September – February March – August  
Indonesia North Sumatra Province September – December January – August  
Kenya 
Baringo, Bungoma, Busai, Homa Bay, 
Kajiado, Kakamega, Kwale, and Siaya 
Counties 
April, May, 
October – December  
January – March,  
June – September  
Kenya West Pokot County April – August  September – March  
Malawi Central & Southern Regions November – April May – December 
Peru Loreto Region December – May June – November 
Tanzania Dodoma, Iringa, & Tanga Regions 
March – May, 
October – December 
June – September, 
January, February 
Uganda Central Region 
March – May, 
September – December  
January, February, 
June – August  
Uganda Northern Region 
March – May, 
July – November  
June, 
December – February 
 
